Transcriptional activation of the human papillomavirus-16 P97 promoter by an 88-nucleotide enhancer containing distinct cell-dependent and AP-1-responsive modules.
The P97 promoter upstream of the oncogenic early genes of human papillomavirus (HPV)-16 is active in keratinocytes and in cervical carcinoma cells due to a 5' keratinocyte-dependent cis enhancer. In this study, we have mapped the main enhancer activity to an 88-nucleotide (nt) fragment composed of multiple cis elements. A 63-nt promoter-proximal enhancer core was sufficient for P97 activation in a human keratinocytic cell line, HaCaT, and in cervical carcinoma cells. Although the enhancer functioned poorly in hepatoma cells or in fibroblasts, nuclear extracts from different cells protected similar cis elements from DNase I digestion. Two protected half-palindromic NF-I/CTF sites within the 63-nt core were necessary for its function; one represents a "cytokeratin element" (CK), a previously described 8-nt sequence shared with cytokeratin gene promoters. Both sites formed complexes of the same apparent size and relative binding affinity with NF-I/CTF-like factor(s) present in all cells tested. Although cell-dependent P97 activation could be determined by similar, yet distinct NF-I/CTF-like proteins, adjacent cis elements in the enhancer core were also required for function, and may thus interact with additional transcription factors. A 25-nt distal module with two AP-1 sites increased enhancer activity and cooperated with cis elements of the proximal core. Each AP-1 site as well as a third AP-1 site near the promoter bound c-Jun and Jun/Fos in vitro, and was activated by c-Jun and c-Fos in transfections. In addition to cell type-dependent activation, HPV-16 P97 transcription may therefore respond to growth factors and oncogene products via the AP-1 pathway.